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A b s t r a c t
A p u ls e d  D-T n e u t ro n  g e n e r a to r  d e v e lo p e d  and b u i l t  f o r  m e asu re ­
m en ts  i n  m u l t ip ly in g  m ed ia  i s  d e s c r ib e d .  The p u ls e  t a r g e t  c u r r e n t  i s  5 mA, 
th e  n e u t ro n  y i e l d  d u r in g  th e  p u ls e  ~  1011 n / s .  The p u ls e  le n g th  i s  
v a r i a b l e  fro m  IC yus t o  1 m s, th e  r e p e t i t i o n  f r e q u e n c y  fro m  0 ,1  to  2000  p p s ,  
th e  maximum d u ty  c y c le  i s  2 %, The a c c e l e r a t i n g  tu b e  c a n  be  s e t  t o  an y  
p o s i t i o n  b e tw een  th e  h o r i z o n t a l  and  v e r t i c a l  d i r e c t i o n s .  The h e ig h t  o f  
th e  r o t a t i o n a l  a x i s  o f  t h e  a c c e l e r a t i n g  tu b e  i s  v a r i a b l e  fro m  0 ,9 0  m to  
2 ,0 0  m above f l o o r  l e v e l .  The 180 kV a c c e l e r a t i n g  v o l t a g e  i s  s u p p l ie d  by 
an  i n s u l a t i n g  c o re  t r a n s f o r m e r .
I n v e s t i g a t i o n s  i n  th e  R e a c to r  L a b o ra to ry  o f  th e  C e n t r a l  R e se a rc h  
I n s t i t u t e  f o r  P h y s ic s  n e c e s s i t a t e d  th e  d ev e lo p m en t o f  a  p u ls e d  n e u t ro n  
g e n e r a to r  f o r  m easu rem en ts  i n  m u l t ip ly in g  m e d ia . H igh n e u t r o n  y i e l d ,  w ide 
ra n g e  o f n e u t ro n  p u ls e  l e n g h t s  and  v e r s a t i l i t y  o f  th e  eq u ip m en t had  t o  
b e  a c h ie v e d .
F i g . l  shows a  s k e tc h  o f  t h e  n e u t ro n  g e n e r a to r .  N e u tro n s  a r e  p ro d u c ­
ed  by  th e  D-T r e a c t io n s  th e  Z r-T  t a r g e t  1 i s  bom barded  w i th  d e u te ro n s  
a c c e l e r a t e d  t o  200 keV i n  a c c e l e r a t i n g  tu b e  2 . D e u te ro n s  a r e  p ro d u c e d  i n  
th e  r f  io n  so u rc e  j!>. A c c e le r a t in g  v o l t a g e  i s  s u p p l ie d  by  i n s u l a t i n g  c o re  
t r a n s f o r m e r  4 .  H igh v o l t a g e  te r m in a l  c o n ta in s  th e  p r e f o c u s in g  v o l t a g e  
s o u rc e  and  th e  pow er s u p p l i e s  f o r  t h e  io n  s o u r c e .  I n s u l a t i o n  t r a n s f o r m e r  
6 s u p p l i e s  m ains v o l t a g e  f o r  th e  h ig h  v o l ta g e  t e r m i n a l .  The t r a n s f o r m e r ,  
i n  i t s  t u r n ,  i s  f e d  from  m ains s t a b i l i z e r  Vacuum i n  a c c e l e r a t i n g  tu b e  
2 i s  p ro d u c e d  by vacuum sy s tem  8 .  The g e n e r a to r  i s  c o n t r o l l e d  from  c o n s o le  
£ •
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A s e c t i o n a l  v iew  o f  th e  io n  so u rc e  and  e x t r a c t i o n  sy stem  i s  shown 
i n  F i g c 2 .  The R aso therm  io n  so u rc e  1 i s  f e d  w i th  d e u te r iu m  gas  th ro u g h  
b o re  2 .
A p a l la d iu m  le a k  com bined w ith  a  h y d r o ly z e r  El] s u p p l ie s  d e u te r iu m  
g a s .  Gas p r e s s u r e  i n  th e  io n  so u rc e  can  be a d j u s t e d  by  v a r y in g  th e  h e a t i n g  
c u r r e n t  o f  t h e  pa llad ium  l e a k .  Gas i n  th e  i o n  s o u rc e  i s  io n i z e d  by c o i l  
an d  e le c tro m a g n e t  4 .  The e x t r a c t i o n  sy stem  h a s  s e v e n  h o l e s ,  i t  c o n s i s t s  o f 
p la sm a  e l e c t r o d e  /m olybdenum / and  e x t r a c t i o n  e l e c t r o d e  6 / s t a i n l e s s  
s t e e l / .  The d im e n s io n s  o f  th e  e x t r a c t i o n  sy stem  w ere d e te rm in e d  a s  d e s c r i b ­
ed  i n  [ 2 ] .  The m u l t ih o le  e x t r a c t i o n  sy stem  was ch o se n  b e c a u se  o f  lo w e r  
g a s  co n su m p tio n  and  more u n ifo rm  c u r r e n t  d i s t r i b u t i o n  on t a r g e t .  M olybdenum 
p l a t e  i s  b o rd e re d  i n t o  d i s c  2  i s o l a t e d  from  b a s e  p l a t e  8 by  c e ra m ic  r i n g  
2« 2  surá 8. a r e  jo in e d  by  A r a ld i t e  s e a l  1 0 . B ase p l a t e  8 i s  a t  th e  p o t e n t i a l  
o f  th e  h ig h  v o l t a g e  e l e c t r o d e ,  w h ile  d i s c  2  i s  a_t  th e  e x t r a c t i o n  p o t e n t i a l .
F ig .  3 shows a  b lo c k  d ia g ra m  of th e  e l e c t r i c a l  c i r c u i t s  f e e d in g  
th e  io n  s o u r c e .  The p u s h - p u l l  c i r c u i t  o f  th e  o s c i l l a t o r  h a s  two t r a n s m i t ­
t e r  tu b e s  o f  ty p e  3S035 T . I t s  o p e r a t i o n a l  f r e q u e n c y  i s  25 M c/s, i t s  
pow er i s  a p p ro x im a te ly  1 kW. The o p e r a t io n  o f  t h e  p u ls e d  o s c i l l a t o r  i s  
c o n t r o l l e d  by 300 у  g a te  p u l s e s  f e d  t o  i t s  g r i d .  The o s c i l l a t o r  i s  b lo c k e d  
b e tw e e n  th e  p u l s e s .  The l i g h t  p u l s e s  d e te rm in in g  th e  s t a r t  and  th e  en d  o f 
t h e  o s c i l l a t o r  p u ls e  a r e  f e d  th ro u g h  l i g h t  p ip e s  j6 fro m  d r iv e  c i r c u i t  Д 
/ o n  g ro u n d  p o t e n t i a l /  t o  t h e  o u tp u t  s ta g e  2  / ° n  h ig h  v o l t a g e / .  L ig h t 
p u l s e s  a r e  p ro d u c e d  by  g low  lam ps DGL 11-02  VO, an d  d e t e c t e d  by t r a n s i s ­
t o r s  CC 615 Е3 ] . O s c i l l a t o r  p u ls e  l e n g th s  ra n g e  fro m  lO ^ u s  t o  1 ms, 
r e p e t i t i o n  f r e q u e n c ie s  fro m  0 ,1  t o  2000 p p s .
.T he pow er s u p p l i e s  o f  th e  io n  so u rc e  a r e  i n  t h e  h ig h  v o l t a g e  
t e r m i n a l .  T h e i r  o u tp u t v o l t a g e  can  b e  v a r i e d  by  v a r i a c s  1.» w hich  c a n  be  
a d j u s t e d  e i t h e r  m a n u a lly  b y  f r o n t  p a n e l  c o n t r o l s  o r  b y  rem o te  c o n t r o l  
w i th  th e  u se  o f  s e rv o -m o to rs  and  p l e x i g l a s  s h a f t s  2 .  The v a r i a c  p o s i ­
t i o n s  a r e  c u r r e n t l y  d i s p la y e d  on th e  c o n t r o l  c o n s o le  b y  m eans o f  s y n c h ro s  
4 .
The 220 V m ains v o l t a g e  i s  s u p p l ie d  t o ' t h e  h ig h  v o l ta g e  t e r m in a l  
fro m  th e  t r a n s f o r m e r  th e  se c o n d a ry  c o i l  o f  w h ich  i s  i n s u l a t e d  to  200  kV
D ,C ,
F ig .  4 shows a  s k e tc h  o f  th e  h ig h  v o l t a g e  t e r m i n a l .  I t s  u n i t s  a re  
m oun ted  i n  r a c k s  and  i t  i s  c o n n e c te d  t o  th e  io n  s o u rc e  b lo c k  by c a b le s  i n  
a  c o r r u g a t e d  m e ta l tu b e .  The h ig h  v o l t a g e  te r m in a l  i s  p r o v id e d  w ith  a n  
e a r t h i n g  r o d  o p e r a t in g  a u t o m a t i c a l l y  when th e  a c c e l e r a t i n g  v o l ta g e  i s  
s w i tc h e d  o f f  o r  th e  a c c e l e r a t i n g  room d o o r i s  o p en ed .
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Io n s  a r e  a c c e l e r a t e d  and f o c u s e d  on th e  t a r g e t  i n  th e  a c c e l e r a t ­
in g  tu b e  / f i g .  5 /»  The f o c u s in g  sy stem  i s  fo rm ed  by  two l e n s e s ;  p r e f o c u s — 
in g  l e n s  / e l e c t r o d e s  1 and  2 /  and  a c c e l e r a t i n g  l e n s  / e l e c t r o d e s  2 an d  . 
E le c t r o d e  1 i s  a t  h ig h  v o l t a g e  te r m in a l  p o t e n t i a l ,  e l e c t r o d e  i s  e a r t h e d ,  
and  th e  p o t e n t i a l  o f  e l e c t r o d e  2 i s  v a r i a b l e  w ith  r e s p e c t  t o  t h a t  o f  
e l e c t r o d e  1^ i n  t h e  ra n g e  fro m  0 to  - 3 0  kV to  a d j u s t  f o c a l  d i s t a n c e s  o f  th e  
l e n s .  C y lin d e r  4  p r e v e n t s  t h e  c h a rg in g  o f  p o r c e l a i n  i n s u l a t o r  i n  t h e  
v i c i n i t y  o f th e  l e n s e s .  G ate  v a lv e  10 s e r v e s  t o  a v o id  a i r  a d m is s io n  i n t o  
th e  vacuum  sy stem  when c h a n g in g  t a r g e t  1 ^ . Q u ad ran t 12 ■ i n d i c a t e s  th e  io n  
beam p o s i t i o n ,  t h e  t a r g e t  can  be c e n t e r e d  by d e v ic e  1 1 .
The a c c e l e r a t i n g  tu b e  i s  e v a lu a te d  by a  1500 1 / s  o i l  d i f f u s i o n
X
pump and  a 25 n r / h  ro u g h in g  pump / F i g .  6 / .  A l i q u i d  n i t r o g e n  c o ld  t r a p  i s  
p ro v id e d  to  m in im iz e  t a r g e t  c o n ta m in a t io n  by o i l  v a p o u rs .  The c o ld  t r a p  
and  th e  d i f f u s i o n  pump can  be  i s o l a t e d  from  th e  a c c e l e r a t i n g  tu b e  by  a  
s e m i-a u to m a tic  d i s c  g a te  v a lv e  w hich  i s  opened  m a n u a lly  and  c lo s e s  a u to ­
m a t i c a l l y  i n  c a s e  o f  m ains f a i l u r e .  M ag n e tic  v a lv e s  p e rm it  t o  c o n n e c t th e  
ro u g h in g  pump e i t h e r  to  th e  d i f f u s i o n  pump o r  d i r e c t l y  to  t h e  a c c e l e r a t ­
in g  tu b e .
The vacuum  pumps j o i n  th e  vacuum  m a n ifo ld  v i a  a  tu b e  o f  1 m. 
l e n g h t .  The a c c e l e r a t i n g  tu b e  can  be t i l t e d  to  90° c o n t in u o u s ly  w i th o u t  
b r e a k in g  th e  vacuum . The a c c e l e r a t i n g  tu b e  p o s i t i o n  can  be changed  i n  
s t e p s  p f  30° on b r e a k in g  th e  vacuum p r o v id in g  th u s  12 p o s s i b l e  s t a r t i n g  
p o i n t s .
D e t a i l s  o f  th e  90° t i l t i n g  m echanism  o f  t h e  a c c e l e r a t i n g  tu b e  a r e  
shown i n  F ig  8 .  Tube 1 u n d e r  vacuum c a n  be tu r n e d  by 9 0 ° . Tube 2 i s  f i x e d  
and s u p p o r ts  tu b e  1 by m eans o f  r o l l e r s  4 .  Nut Д s l i d e s  on sc rew  s h a f t  2  
r o t a t e d  by h an dw heel 8 ,  and  s h i f t s  b y  means o f  p i n  6 th e  clam p J? f i x e d  on 
tu b e  1 .
The l i f t i n g  m echanism  o f th e  vacuum pump b lo c k  i s  s k e tc h e d  i n  
F ig .  9 .  Screw  s h a f t s  2 a r e  d r iv e n  by  m o to r 1 v i a  r e d u c e r  an d  b e v e l  g e a r .
The sc re w  s h a f t s ,  su sp e n d ed  in s id e  v e r t i c a l l y  s l i t  tu b e s  4 ,  l i f t  th e  
vacuum  pump b lo c k  b y  means o f  s l i d i n g  n u t s  J5. The u n i t  i s  l e d  by  r o l l e r s  
a lo n g  tu b e s  4 an d  j?.
The a c c e l e r a t i n g  v o l ta g e  i s  s u p p l ie d  by  a  200 kV i n s u l a t i n g  c o re  
t r a n s f o r m e r  Í 4 ] .
F ig s  1 0 . and  11 show th e  n e u t r o n  g e n e r a to r  and  th e  c o n t r o l  c o n s o le
D u rin g  t h e  t e s t  o f  th e  vacuum sy s te m , t h e  p r e s s u r e  was m e asu red  
a t  tw o p o i n t s ; ' d i r e c t l y  above th e  c o l d - t r a p  / р д /  and  a t  th e  io n  so u rc e  end
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o f th e  a c c e l e r a t i n g  tu b e  / р 2/ .  'Dhe d e u te r iu m  gas l e a v in g  th e  io n  s o u rc e  i n  
o p e r a t io n  cau sed  a n  in c r e a s e  i n  p r e s s u r e  due to  th e  f lo w  r e s i s t a n c e  o f  th e  
a c c e l e r a t i n g  tu b e  an d  th e  c o n n e c t in g  t u b e s ,  p^ = 5 ,8 . 10~3 Hg mm an d  
p = 6 .1 0 “ ^ Hg mm w ere m e a su re d . A f te r  pum ping f o r  s e v e r a l  d ay s  th e  p r e s -
CL
s u re  was m easu red  a s  p^ = 5«Ю  Hg mm w i th  th e  i o n  so u rc e  i n  o p e r a t io n  
an d  th e  c o ld  t r a p  f i l l e d  w i th  l i q u i d  n i t r o g e n .
I n i t i a l l y  th e  200 kV pow er su p p ly  was c o n n e c te d  to  th e  h ig h  
v o l t a g e  t e r m i n a l .  H ow ever, th e  sm a ll h ig h  v o l t a g e  d i s c h a r g e s  -  a lw ay s  
p r e s e n t  n a c c e l e r a t i n g  t u b e s ,  e s p e c i a l l y  a t  th e  i n i t i a l  s ta g e  -  o f t e n  
c a u se d  t h e  f u s e  o f  t h e  o s c i l l a t o r  pow er s u p p ly  to  b low  o u t .  T h is  can  be 
e x p la in e d  by h ig h  v o l t a g e  t r a n s i e n t s  due t o  th e  in d u c ta n c e  o f  t h e  c a b le s  
c o n n e c t in g  th e  io n  so u rc e  b lo c k  an d  th e  h ig h  v o l ta g e  e l e c t r o d e .  The 200 
kV pow er su p p ly  w as t h e r e f o r e  c o n n e c te d  d i r e c t l y  t o  t h e  io n  so u rc e  b lo c k  
e l im i n a t in g  th e r e b y  th e  above in c o n v e n ie n c e .
H igh  v o l t a g e  b reakdow n b e tw een  t h e  p lasm a a n d  th e  e x t r a c t i o n  
e l e c t r o d e  was a  s e r io u s  p ro b le m  u n t i l  th e  e x t r a c t i o n  e l e c t r o d e  / F ig .  2 . ,  
6 / ,  o r i g i n a l l y  made o f  a lu m in iu m  [2 ] ,  was changed  t o  s t a i n l e s s  s t e a l .
A c u r r e n t  o f  15 mA c a r  be r e p r o d u c ib ly  e x t r a c t e d  from  th §  io n  
s o u r c e .  The s p o t d ia m e te r  a t  t h e  t a r g e t  i s  20 -22  mm a s  c a l c u l a t e d .  At 
p r e s e n t  t a r g e t s  o f  14 mm d ia m e te r  a r e  u s e d ,  th e  c u r r e n t  o f  5 mA m easu red  
on t h e i r  s u r f a c e  h a s  b een  s u f f i c i e n t  f o r  t h e  m easu rem en ts  so f a r ,  b u t  — 
when n e c e s s a r y  -  t a r g e t s  o f  l a r g e r  d ia m e te r  can  be u s e d  to  e x p l o i t  th e  
e n t i r e  c u r r e n t  o f  th e  beam .
F ig  1 2 . show s t a r g e t  c u r r e n t  p u l s e s  o f  d i f f e r e n t  l e n g th s  ta k e n  
w ith  EMQ 1546 o s c i l l o s c o p e ,  fo rm  a  1 kohm r e s i s t o r  / 1  V f  1 mA/. 
S eco n d ary  e l e c t r o n s  w ere s u p p re s s e d .  The h o r i z o n t a l  an d  v e r t i c a l  s c a le s  
o f  th e  o s c i l l o s c o p e ,  th e  e x t r a c t i o n  and  o s c i l l a t o r  an o d e  v o l t a g e s  a r e  
g iv e n  i n  t h e  f i g u r e .
A f t e r  t h e  t e s t  ru n  o f  t h e  n e u t ro n  g e n e r a to r  i n  A p r i l  1 9 6 8 , i t  
was i n s t a l l e d  b e s id e  th e  z e ro  pow er r e a c t o r  ZR-4. S in c e  th e n ,  i t  h a s  
b e e n  o p e r a te d  f o r  m easu rem en ts  on r e a c t o r  t r a n s i e n t s  a n d  p u ls e d  r e a c t i v ­
i t y  [5 ] , [6 ] .
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P i g .  1
S k e tc h  o f  n e u t ro n  g e n e r a t o r
-  t a r g e t ;  2 -  a c c e l e r a t i n g  tu b e ;  3 -  io n  s o u rc e  b lo c k ;  4  -  200 k ?  pow er s u p p ly ;
-  h ig h  v o l t a g e  t e r m i n a l ;  6 -  i n s u l a t i n g  t r a n s f o r m e r ;  7 -  m ains  s u p p ly  s t a b i l i z e r ;
-  vacuum pump b lo c k ;  9 -  c o n t r o l  c o n s o le
IJ •«: I Ra so t h e rm  g l a s s  
c e r a m ic s
6
A r a l d i t e  s e a l
s t e e l
s t a i n l e s s  s t e e . l
ES3 a lumin ium
П З  r u b b e r  P i g .  2
I o n  s o u r c e  and  e x t r a c t i o n  s y s tem
1 -  i o n  s o u r c e :  2 -  g a s  i n l e t ;  3 -  o s c i l l a t o r  c o i l ;  4 -  e l e c t r o m a g n e t ;  5 -  molybdenum p la sm a  
e l e c t r o d e ;  6 — e x t r a c t i o n  e l e c t r o d e ;  7 ** d i s c ;  8 -  b a s e  p l a t e ;  9 -  d i s t a n c e  r i n g ;
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E l e c t r i c a l  c i r c u i t s  o f  th e  io n  so u rc e
-3 0  kV p r e f o c u s in g  v o l t a g e ;  24 V -u  f i l a m e n t  v o l t a g e  o f  Pd l e a k ;  + 42 V 
h y d ro ly z in g  v o l t a g e ;  + 15 kV e x t r a c t i o n  v o l t a g e ;  + 6 V e le c t r o m a g n e t :
+ 3 kV o s c i l l a t o r  pow er s u p p ly : + 300 V g a te  p u ls e  f o r  o s c i l l a t o r ;  220 V 
m ains su p p ly  f o r  h ig h  v o l t a g e  t e r m in a l :  200 kV a c c e l e r a t i n g  v o l t a g e .
1 -  ' v a r i a c ;  2 -  p l e x i g l a s  s h a f t ;  3 -  s e rv o  m o to r; 4 -  t r a n s m is s io n  
s y n c h ro ; 5 -  p u l s e  g e n e r a to r  d r iv e  c i r c u i t ;  6 -  p l e x i g l a s  l i g h t p i p e s ;
7 -  p u ls e  g e n e r a to r  o u tp u t  s ta g e
9F ig .  4 .
H igh  v o l t a g e  te r m in a l
1 -  c a s t o r ;  2 -  p o s i t i o n i n g  ja c k ;  3 -  s e rv o  m o to rs  and  
s y n c h ro s ;  4 -  p l e x i g l a s  s h a f t ;  5 - « p l e x i g l a s  l i g h t p i p e ;  
b -  a u to m a tic  e a r t h i n g  ro d ;  7 -  s e r i e s  r e s i s t o r  f o r  
200 kV ; 8 — pow er su p p ly  f o r  e l e c t r o m a g n e t ;  v a r i a c s ;
9 — o s c i l l a t o r  pow er s u p p ly ;  10 -  p u ls e  g e n e r a to r  o u t ­
p u t  s t a g e ;  pow er s u p p ly ;  v e n t i l l á t o r ;  11 — h y d r o ly z e r  
pow er su p p ly ; v a r i a c s ;  12 -  p r e f o c u s in g  v o l t a g e  s o u rc e ;  
13 -  é x t r a c t i n g  v o l t a g e  s o u rc e ;  14 -  c a b le  c o n n e c t io n  to  
io n  s o u rc e  b lo c k ;  15 -  p o r c e l a i n  i n s u l a t o r .
Fig. 5.
Sectional view of the accelerating tube
I. First electrode, 2. intermediate electrode, 3. earthed 
electrode, 4. shielding cylinder, 5. porcelain insulator,
6. prefocusing voltage feedthrough, 7. ceramic rod,
8. metallic rod, 9. vacuum manifold, 10. gate valve,
II. target centering device, 12, quadrant, 13. target
í i g .  6
Schema o f  vacuum sy stem
1 -  a c c e l e r a t i n g  tu b e ;  2 -  a i r  i n l e t  v a lv e ;  3 -  d i s c  g a te  v a lv e ;  4 -  c o ld  t r a p ;  5 -  o i l  
d i f f u s i o n  pump; 6 -  s a f e t y  s w itc h  f o r  w a te r  s to p p a g e ; 7 -  c o o l in g  w a te r  i n l e t ;  8 -  m a g n e tic  
v a lv e ;  9 -  ro u g h in g  pump; 10 -  e x h a u s t io n
Fig. 8.
Accelerating tube tilting mechanism 
1. rotating tube kept at vacuum, 2. supporting tube,
3. Wilson joint, 4. roller, 5. clamp, 6. pin, 7. screw 
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Accelerating tube lifting mechanism









Experimental arrangement at zero power reactor ZR-4
a
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